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(g) Vent for vehicle tire inflation system. 

(g) A tire pressure control system (10) for wheels 
(28) of a vehicle. The system includes an air 
control circuit (40) having a positive pressure 
air source (42), a vacuum pressure air source 
(44), a central control unit (46), a vehicle speed 
sensor (47), and a command/display console 
(48). The control circuit (40) includes valves (62, 
64, 66, 68, 70) and a conduit assembly (74) for 
controlling communication of the positive and 
vacuum pressure air to wheel valve assemblies 
(14) mounted on each wheel. A vent valve (86) 
provides quick venting of positive air pressure 
in the conduit assembly (74) for effecting rapid 
closing of a valve device (100) in each wheel 
valve (14). Each wheel valve also includes a 
valve device (104) providing substantially unres- 
tricted air flow from the conduit assembly (74) 
to the wheels when valve device (100) is open 
and providing restricted air flow from the 
wheels to the conduit assembly (74) to ensure 
closing of the valve device (100) when the con- 
duit is vented. 
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cordance with ECU 46 programming. The vehicle op- 
erator has the capability of commanding the system 
to decrease or Increase tire pressure of selected 
axles for respectively improving tire traction or in- 
creasing load carrying capacity of the vehicle by 
merely pushing the appropriate switch or com- 
mand/display console 48. The system automatically 
increases tire pressure if the vehicle speed exceeds 
a predetermined speed for the selected tire pressure, 
and alerts the vehicle operator of tire pressure leak- 
age and of system malfunction. The microprocessor- 
based ECU 46 is readily programmed by known meth- 
ods to perform pressure check sequences and in- 
flate/deflate sequences in accordance with basic al- 
gorithms. 

When the vehicle ignition is energized and pres- 
sure switch 57 is closed, ECU 46 initiates a pressure 
check sequence of the tires on each of the axles. If 
tire pressure of any of the axles is found to be a pre- 
determined amount less than command pressure, an 
inflation sequence is initiated for the axle or axles ef- 
fected. During vehicle operation, the ECU automati- 
cally initiates periodic pressure check sequences. 
When enhanced or maximum traction is required, the 
vehide operator may command reduced tire pressure 
for all or selected axles by pushing appropriate 
switches on the command/display console 48; if the 
vehide speed is greater than a predetermined 
amount for the selected reduced pressure, the ECU 
will not initiate the appropriate pressure deflation se- 
quence. 

With control valves 62,64, axle distribution valves 
66,68,70 and wheel valves 14 in the positions of Fig- 
ure 1 and with vacuum source solenoid valve 80 
closed, conduit assembly and each of the rotary seals 
16 are vented to atmosphere through vacuum gener- 
ator 82 and vent vane 86 via control valve 64 and va- 
cuum 84. 

Since pressure check and inflation/deflation se- 
quences are basically the same for the tires on the 
steer, drive and trailer axles, description of the se- 
quences for the steer axle should suffice for all of the 
axles. With reference f irst to Figure 2 and then to Fig- 
ure 4. the pressure check sequence is initiated for the 
steer axle by energizing valves 64,68,70 to the dosed 
positions and momentarily energizing control valve 62 
to the open position to provide positive air pressure 
sufficient to move the valving means of wheel valve 
assemblies 14 to the open positions of Figure 2. De- 
energization of control valve 62 returns the valving 
member thereof to the closed position. With valve 62 
closed and valves 66,14 open, the pressure in mani- 
fold soon equalizes to tire pressure. The ECU reads 
this pressure via electrical signals from sensor 76 and 
initiates inflate/deflate sequences as required. If no 
further sequence is required, control valve 64 is de- 
energized by the ECU to effect its open position, 
thereby connecting the wheel valve assembly inlet 
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ports to the vent through vacuum generator 82 and 
vent valve 86. Vent valve 86 provides a substantially 
greater flow area path to atmosphere than does ori- 
fice 83, thereby providing rapid reduction of the pos- 
5 itive air pressure at inlet ports 14b of the wheel valves 
for effecting rapid movement of the wheel valve valv- 
ing means to the closed positions of Figure 1 . Without 
vent valve 86 in the system, back flow of air from the 
tires may maintain a sufficiently high positive pres- 
to sure at inlet port 14a to delay closing of the valving 
means, thereby causing unwanted loss of tire pres- 
sure, increasing the time rotary seal assemblies are 
subjected to the deteriorating of pressurization and 
increasing the time required be effect sequences. 
15 Figure 2 illustrates the valve positions during an 

inflation sequence which is terminated in the same 
manner as the pressure check sequence. 

A tire deflation sequence is initiated by energiz- 
ing valve 68,70 to the closed position and energizing 
20 vacuum source solenoid 80 to the open position to 
provide a negative air pressure at inlet ports 14b for 
moving the wheel valve valving means to positions 
connecting outlet ports 14a to exhaust ports 14c as 
illustrated in Figure 3. The deflation sequence is ter- 
25 minated by de-energizing vacuum source solenoid 
valve 80 to the dosed position. 

Wheel Valve Assembly 14 

30 Wheel valve assembly 14 comprises a housing 

including a housing body 96 and a housing cover 98, 
the inlet, outlet and exhaust ports, a first diaphragm 
valve .device 100 operative to allow and prevent air 
communication between the inlet and outlet ports, a 
35 second diaphragm valve device 102 operative to al- 
low and prevent air communication between the out- 
let and exhaust ports, a third valve device 104 for re- 
stricting air flow from the outlet port to the inlet port, 
and a manual fill valve 106 for manually increas- 
40 ing/decreasing air pressure to the tire or tires con- 
nected to the outlet of each to the wheel valve assem- 
bly. The housing body and cover are secured together 
by a plurality of fasteners 107. 

First valve device 100 includes a flexible dia- 
45 phragm 108 dividing a first cavity defined by the 
housing body and cover into a first pilot chamber 110 
in continuous communication with the inlet port and 
a vented spring chamber 112, a valving member 108a 
defined by a center portion of the diaphragm, a valve 
50 seat 114 disposed at one end of a passage 116 com- 
municating at its other end with the outlet port via a 
passage 11 8, a rigid cup shaped member 120 slidably 
disposed in spring chamber 112 and biased against 
the diaphragm by a spring 122. Spring 122 biases 
55 valve member 108a into a closed position or sealing 
engagement with valve seat 114 with a force suffi- 
cient to maintain the sealing engagement for the high- 
est contemplated tire pressure. Valving member 108a 
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is moved to an open position against the force of 
spring 122 in response to a predetermined minimum 
positive air pressure in pilot chamber 110 from the in- 
let port acting on diaphragm surface 108b. 

Second valve device 102 includes a flexible dia- 5 
phragm 124 dividing a second cavity defined by the 
housing body and cover into a second pilot chamber 
126 and an exhaust chamber 128, a valving member 
124a defined by a center portion of diaphragm 124, 
a valve seat 130 disposed at one end of a passage 10 
132 communicating at its other end with the outlet 
port, a rigid cup shaped member 134 slidably dis- 
posed in second pilot chamber 126 and biased 
against diaphragm 124 by a spring 136. Exhaust 
chamber 128 continuously communicates with at- 15 
mosphere via passages 128a, 128b which extend on 
opposite sides of passage 11 8 to exhaust port 14c. A 
flexible cover assembly 1 38, prevents entry of foreign 
matter into the exhaust port. As seen in Figure 8, pas- 
sages 128a, 128b have a somewhat crescent shape. 20 
Passage 128a is indicated by phantom lines in Figure 
7. Exhaust chamber 1 28 also is in continuous commu- 
nication with spring chamber 1 1 2 of the first valve de- 
vice via a somewhat Z-shaped passage 140. With ref- 
erence to Figure 6, second pilot chamber 126 is in 25 
continuous communication with the inlet port via a 
passage 142 shown in phantom lines. An end 142 of 
the passage opens into chamber 126 and an end 
142b opens in to the inlet port Spring 136 biases 
valve member 124a into a closed position or sealing 30 
engagement with valve seat 130 with a force suffi- 
cient to maintain the sealing engagement for the high- 
est contemplated tire pressure. Valving member 1 24a 
is moved to an open position against force of spring 
136 in response to a predetermined minimum nega- 35 
tive pressure from the inlet port acting on diaphragm 
surface 124b. 

Third valve device 104, which may be structurally 
of many different designs, is disposed in series be- 
tween f irst valve device 100 and the outlet port De- 40 
vice 1 04, as seen in Figures 7 and 7A, includes a valv- 
ing member 144 having an open or first position, as 
shown in Figure 7, which allows substantially unre- 
stricted flow of air from the inlet port to the outlet port, 
and having a partially closed or second position which 45 
allows only restricted flow of air from the outlet to the 
inlet. Valving member 144 includes a rectangular por- 
tion 144a having a plurality of guide legs 144b extend- 
ing therefrom at right angles, and a circular valve seat 
1 46 disposed at the adjacent end of passage 1 1 6 for so 
cooperating surfaces at the corners of the rectangu- 
lar portion. Legs 144b are slidably received in guide 
recesses 148a in a well 148 of diameter greater than 
rectangular portion 144a to allow free flow there- 
around to passage 118. When airflow is from the out- 55 
let port to the inlet port, as may occur during a pres- 
sure check sequence and/or.when air control circuit 
40 is being vented to atmosphere for closing valve de- 



vice 100, the flow of air around valving member 144 
moves the valving member into contact with valve 
seat 146 such that a plurality of small through passag- . 
es 148 are formed to allow restricted air communica- 
tion between the inlet and outlet port while the first 
valve device is open. Small passage 148 ensures suf- 
ficient air communication between the inlet and outlet 
ports for rapid pressure equalization of tire pressure 
in conduit assembly 74 for accurate pressure check 
reading. The small through passages also restrict air 
flow from the outlet port to the inlet port during vent- 
ing of air control circuit 40 to ensure rapid positive 
pressure drop in the first pilot chamber for effecting 
quick closing of the first valve device. 

A preferred embodiment of the invention has 
been disclosed for illustrative purposes. Many varia- 
tions and modifcations of the preferred embodiment 
are believed to be within the spirit of the invention. 
The following claims are intended to cover the inven- 
tive portions of the preferred embodiment and varia- 
tions and modifications within the spirit of the inven- 
tion. 



Claims 

1. A system (10) for monitoring and controlling air 
pressure in a tire (28) of a vehicle (12); the sys- 
tem comprising: 

an air control circuit (40) including a pres- 
sure source (42) and a vacuum source (44) re- 
spectively for providing positive and negative air 
pressures relative to an ambient air pressure, 
pressure and vacuum control valves (62,64) each 
selectively movable from a closed position to an 
open position for respectively connecting conduit 
means (74) with the positive air pressure via a 
pressure passage (56a) interposed between the 
pressure source (42) and the pressure control 
valve (62) and with the negative air pressure via 
a vacuum passage (84) interposed between the 
vacuum source (44) and the vacuum control 
valve (64); 

at least one wheel assembly (30,32) rotat- 
ably mounted on an axle assembly (34) and a tire 
chamber (28a) defined by a tire (28) mounted on 
the wheel assembly; 

a rotary seal assembly (16) for communi- 
cating the positive and negative air pressures 
from a non-rotatable port (1 6b) thereof connect- 
ed to the conduit means (74) to a rotatable port 
(16a) thereof; 

a wheel valve assembly (14) having a 
housing (96,98) affixed for rotation with the 
wheel assembly (30,32) and including an inlet 
port (14b) and an outlet port (14a), an exhaust 
port (14c), a first valving means (108a) for allow- 
ing and preventing air communication between 
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the inlet and outlet ports (14b,14a) in response 
respectively to the presence and absence of pos- 
itive air pressure at the inlet port (14b), a second 
valving means (124a) for allowing and preventing 
air communication between the outlet and ex- 5 
haust ports (14a, 14c) in response respectively to 
the presence and absence of negative air pres- 
sure at the inlet port (14b); and 

a one-way vent valve (86) for effecting 
rapid venting of positive air pressure in the con- 10 
duit means (74), the vent valve (86) including an 
inlet communicating with the vacuum passage 
(44), an outlet communicating with the ambient 
air pressure, a vent valving member (88) opera- 
tive to block venting communication between the 15 
vent valve inlet and outlet in response to negative 
air pressure in the vacuum passage (84) and op- 
erative to allow such venting communication in 
response to the open position of the vacuum con- 
trol valve (64) during the presence of positive air 20 
pressure in the conduit means (74). 

2. The system of claim 1 , wherein: 

the wheel valve assembly (14) includes a 
third valve device (104) in the housing (96,98) 25 
disposed in series between the first valving 
means (108a) and the outlet port (14a), the third 
valve device (104) including a third valving 
means (144) movable between first and second 
positions during the open position of the first 30 
valving means (108a), the f irst position for allow- 
ing substantially unrestricted air flow from the in- 
let port (14b) to the outlet port (14a), and the sec- 
ond position for allowing only restricted flow of 
fluid from the outlet port (14a) to the inlet port 35 
(14b). 



3. 



The system of claim 2, wherein: 

the third valve device (104) includes third 
valve seat surface means (146) disengaged and 
engaged by surface means (144a) of the third 
valving means (144) in response to the first and 
second positions respectively of the third valving 
means (144). 



40 



45 



The system of claim 3, wherein: 

the surface means (144a) of the third valv- 
ing means (144) and the third valve seat (146), 
when engaged, def ine at least one through pas- 
sage for allowing said restricted flow of fluid from so 
the outlet port (14a) to the inlet port (14b). 



5. The system of claim 2, wherein the wheel valve 
assembly includes: 

a first valve device (100) includes a first 
flexible diaphragm (108) having the first valving 
means (108a) affixed thereto and dividing a first 
cavity into a first pilot chamber (110) in continu- 
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ous communication with the inlet port (14b) and 
into a spring chamber (112), a first spring means 
(122) disposed in the spring chamber (112) and 
biasing the first valving means (108a) affixed to 
the diaphragm (108) into a sealing relation with 
a f irst valve seat (114) disposed at an end of a 
first passage (11 6) for communicating the first pi- 
lot chamber (110) with the outlet port (14a); and 
a second valve device (102) includes a 
second flexible diaphragm (124) having the sec- 
ond valving means (124a) affixed thereto and 
dividing a second cavity into a second pilot cham- 
ber (126) in continuous communication with the 
inlet port (114b) and into an exhaust chamber 
(128) in continuous communication with the ex- 
haust port (114c), a second spring means (136) 
disposed in the second pilot chamber (126) and 
biasing the second valving means (124a) affixed 
to the second diaphragm (124) into a sealing re- 
lation with a second valve seat (1 30) disposed at 
an end of a second passage (132) for communi- 
cating the exhaust chamber (114c) with the out- 
let port (14a). 

6. The valve assembly of claim 5, wherein: 

the third valve device (104) includes third 
valve seat surface means (146) disposed at an- 
other end of the first passage (116) for disen- 
gagement and engagement with surface means 
(144a) of the third valving means (144) in re- 
sponse to the first and second positions respec- 
tively of the third valving means (144). 

7. The valve assembly of claim 6, wherein: 

the surface means (144a) of the third valv- 
ing means (144) and the third valve seat (146) 
when engaged define at least one through pas- 
sage for allowing said restricted flow of fluid from 
the outlet port (14a) to the inlet port (14b). 
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(g) Vent for vehicle tire inflation system. 

(57) A tire pressure control system (10) for wheels 
(28) of a vehicle. The system includes an air 
control circuit (40) having a positive pressure 
air source (42), a vacuum pressure air source 
(44), a central control unit (46), a vehicle speed 
sensor (47), and a command/display console 
(48). The control circuit (40) includes valves (62, 
64, 66, 68, 70) and a conduit assembly (74) for 
controlling communication of the positive and 
vacuum pressure air to wheel valve assemblies 
(14) mounted on each wheel. A vent valve (86) 
provides quick venting of positive air pressure 
in the conduit assembly (74) for effecting rapid 
closing of a valve device (100) in each wheel 
valve (14). Each wheel valve also includes a 
valve device (104) providing substantially unres- 
tricted air flow from the conduit assembly (74) 
to the wheels when valve device (100) is open 
and providing restricted air flow from the 
wheels to the conduit assembly (74) to ensure 
closing of the valve device (100) when the con- 
duit is vented. 
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